In vitro tolerance of soil borne phytopathogenic fungus i.e. Alternaria alternata in terms of growth, physiology and metal uptake capacity against different doses of copper [Cu(II)] metal was assessed. In preliminary growth experiments, nitrate, chloride and sulphate of Cu(II) were amended in seven different concentrations viz. 25, 50, 75, 80, 85, 90 and 100 ppm in nutritive agar medium along with fungus inoculum. Amongst three salts, the maximum inhibition in radial growth of the fungus was observed with increasing concentrations of copper salts in order of: CuSO4> CuNO3> CuCl2. Further trials were conducted in nutritive broth with four different concentrations (25, 50, 75 and 100 ppm) of copper sulphate to assess growth inhibition, metal accumulation, protein and catalase activity in the fungus biomass. It was found that fungus dry biomass was significantly declined by 70-99% along with net metal accumulation of 40% with increasing metal concentrations. Total protein contents and catalase activity was considerably increased up to 2-5 and 2-3 folds, respectively with increase in metal concentration from 25-100 ppm and incubation period from 48, 72 and 96 hours over control. Present study concludes that A. alternata was able to tolerate up to 90 ppm of copper, therefore it is imperative to consider fungus metal tolerance range during fungicide formulations.
Introduction
Copper (Cu) is essential micronutrient required for normal growth of plants but toxic when present in excess. Cu toxicity results from the formation of reactive oxygen species or from the interaction with proteins impairing key cellular processes, inactivating enzymes and disturbing protein structure (Yruela, 2009) . Although Cu is a trace element, owing to anthropogenic activities, Cu toxicity has become an agricultural and environmental problem in recent years (Cornejo et al., 2013) . Generally, a concentration range of l-10 µM is considered as essential and above 10 mM is described as toxic for microorganisms (Abe et al., 2001) . Above the permissible limit Cu toxicity is mainly occurred due to changes in enzyme active sites, interactions with nucleic acids and oxidation of membrane components and their relevant processes (Plum et al., 2010) .
A wide range of copper containing pesticides are utilized in the agriculture against phytopathogenic microorganisms. Therefore, soil copper level is gradually and regularly increasing thus imparting ecotoxicological effects. Cur exhibits the potential to alter the soil ecological balance either by directly COPPER TOLERANCE, PROTEIN AND CATALYTIC ACTIVITY 665 affecting non target soil organisms or by changing the soil physic-chemical characteristics, which in turn dictates the composition of soil biota. Consequently, the activity, ecology and population of micro-and macro-organisms adversely affected (Oliveira and Pampulha, 2006) . Investigations regarding metal polluted soils have documented reduction in microbial community size, composition and diversity along with decline in organic matter mineralization due to increase in metal concentration (Chander and Brookes, 1991; Konopka et al., 1999; Rudawska et al., 2000) . It was also observed that spore of many beneficial fungi fail to germinate under metal-polluted soil (Gattai et al., 2011) . Whereas, reduction in number of perithecia and spores of fungi with damage to seta, conidiophores and phialides was observed by Hefnawy et al. (2009) . There are reports that showed negative consequences of Cu-based pesticides on growth and survival of plant pathogenic fungi as well. Accordingly low dose of such pesticides stress and weaken the pathogen and render its propagules more susceptible to subsequent attack (Islam et al., 2011) . Therefore, it is imperative to assess tolerance level of microorganism against copper-based pesticide to assess optimized use of pesticides.
So far, many saprotrophic fungi are very sensitive to heavy metal stress and their extra cellular enzymes are damaged by metal stresses that are otherwise helpful in nutrient acquisition (Petr, 2010) . Whereas, there are certain fungi that have the ability to withstand and grow under increasing concentrations of metal (Al-Abboud and Alawlaq, 2011). Mehta et al. (2010) documented that strain of F. oxysporum can tolerate 600 ppm of Cu in growth medium. Al-Abboud and Alawlaqi (2011) findings revealed that Aspergillus terreus and A. alternata can tolerate up to 1000 ppm of Cu. Fungi, have developed mechanisms to combat with toxic heavy metals, thus created resistance against metal-based fungicides. Number of possible interactions between toxic metals and fungi has been reported. Fungi have developed mechanisms to combat with toxic heavy metals, thus creates resistance against metal-based fungicides. Some have observed binding/complexion and/or precipitation of metal ions with organic acids, proteins, melanin secreted by fungi (Gadd, 1993; Baldrian, 2003) . Some have documented bindings of metal ions with functional groups on fungal cell walls (Shoaib et al., 2013) , some agreed with transport of metal cations (Clemens et al., 2002) and chemical transformation of metals (Gadd, 1993) . However, there are reports that indicated that internal compartmentalization to detoxify pollutants is strategy adapted by fungi to translocate surplus Cu to subcellular compartments (Cornejo et al., 2013) . They further stated that survival of many fungi like arbuscular mycorrhizal one in soil is due to accumulation of heavy metal in their spores that is actually linked with production of oxalic acid that precipitates the metal oxalate rendering Cu inert . Moreover, excessive heavy metals are known to induce oxidative stress in fungi by generating high concentrations of toxic super oxide radical that results in increased activity of detoxifying enzymes like catalase (Choudhary et al., 2007) . Changes in the activity of these defense systems have been proposed as biomarkers for contaminant-mediated pro-oxidant challenge (Fιrat and Kargin, 2010) .
Alternaria alternata (Fries) Keissler is a saprophytic, opportunistic pathogen belongs to black pigmented mould (Dematiaceae), that has been reported to cause leaf spot and other diseases on over 380 host species of plant. The achievement of in vitro tolerance of soil borne phytopathogenic fungus Alternaria alternata in terms of growth, physiology and metal uptake capacity against different doses of copper is an important goal due to the high rates of Copper (Cu) use in agricultural sector.
Materials and methods

Procurement and culturing of the fungus
The pure culture of A. alternata (Accession # 0092) was obtained from First Fungal Culture Bank of Pakistan, Institute of Agricultural Sciences, University of the Punjab, Lahore, Pakistan. The fungal culture was sub cultured, maintained on 2% MEA (Malt extract agar) medium and stored at 4 º C as a stock for further experiments. 
Preparation of metal salt solution
Stock solutions (1000 ppm) of copper nitrate (CuNO3), copper sulphate (CuSO4.5H2O) and copper chloride (CuCl2) (Merk, Germany) were prepared separately by dissolving 187.6 g, 159.2 g and 134.5 g salts, respectively in 1000 ml of double distilled water. Further dilutions of 25, 50, 75, 80, 85, 90 and 100 ppm were made from the stock solutions for further experimentations.
Fungal growth assays with different salts of copper in agar medium
Basal medium for the growth of fungus was prepared by adding Malt extract agar (MEA) in water followed by autoclaving. Chloromycetin (250 mg capsule in 100 ml of medium) was added to avoid bacterial contamination. Each of seven concentrations i.e. 25, 50, ……….,100 ppm of each three salt of metal was added under aseptic conditions and media were again autoclaved. pH of medium was maintained at 6 (0.5M NaOH and 0.5M HCl was used to adjust pH in each flask). The metal-amended medium in each Petri dish were inoculated aseptically with 5 mm (diameter) inoculum-disc of the test fungus, obtained from healthy growing fungal cultures and incubated at 25±2 °C for 7 days. The medium with inoculums disc but without any metal served as control. Radial colony diameter of fungus was measured in cm and percentage inhibition of mycelial growth by the metal concentrations was calculated using the formula:
Where: %MG = % Inhibition of mycelial growth; DC = diameter of control; DT = diameter of test.
Amongst three salts, copper sulphate exhibited maximum inhibition in fungal radial growth; therefore further experiments were conducted in broth to assess effect of copper sulphate on biomass production, metal accumulation and biochemical changes in fungal biomass.
Fungus growth assays with copper sulphate in broth
Effect of aqueous solution of copper sulphate on the fungal biomass production was determined in 2% Malt extract broth. In basal medium, copper sulphate solution was added to make the final concentration of 25, 50, 75 and 100 ppm. For control treatment, sterilized distilled water was added instead of metal solution. Inoculum discs of 5 mm diameter from one week actively growing fungus was transferred to treatment as well as control flasks under aseptic conditions and incubated at 25 ± 2 °C for 7 days. The mycelial biomass was collected on pre-weighed filter papers and fresh weight was determined. For dry biomass determination, filtered biomass was oven dried overnight at 60 °C.
Estimation of copper accumulation by the fungal biomass
Dried powdered samples (0.5 g) of fungal mycelia from each of four metal treatments were digested with 10 ml of HNO3 followed by analysis on atomic absorption spectrophotometer for residual copper. Before proceeding for analysis, the samples containing copper were appropriately diluted with double distilled deionized water to ensure that the metal ion concentrations in the sample were linearly dependent on the absorbance detected
Assessment of protein and catalytic activity in the fungal biomass
Protein and catalytic activities in the fungus biomass were determined after 48, 72 and 96 hours of the growth. The fungus was cultivated in metal amended liquid medium with each of four different concentrations of 25, 50, 75 and 100 ppm of copper sulphate in similar way as described in above section.
Total protein content was assayed according to the Foiln Lowry's method (1951) . Alkaline sodium carbonate solution was prepared by adding 2% Na2CO3 in 0.1 N NaOH and was marked as Solution 1. Copper sulphate: sodium tartarate solution was prepared by adding 0.5% CuSO4in 1% Na tartarate and was marked as Solution 2. Alkaline solution was prepared by mixing 50 ml of Solution: 1 and 1 ml of Solution: 2. About 500 mg of COPPER TOLERANCE, PROTEIN AND CATALYTIC ACTIVITY 667 fungal mycelium was homogenate in 1 ml of alkaline solution. The mixture was kept at the room temperature for 10-15 minutes followed by addition of 0.5 ml of diluted Folin Ciocalteau reagent. After 30 minutes, the optical density was noted by spectrophotometer at OD750 nm.
The catalase activity of fungus was assayed by following the modified method as described by Sinha (1972) . In brief, 500 mg of fungal mycelium was homogenate in the 2 ml of reaction mixture (1.0 ml of phosphate buffer, 0.5 ml H2O2 diluted with 0.5 ml of distilled H2O). To 100 µL of cell lysate, peroxide reaction mixture (30% H2O2, 0.1M sodium phosphate) was added and incubated at 25 °C for 10 minutes. Reaction was terminated by adding 2 ml of potassium dichromate-acetic acid reagent (2.5% aqueous potassium chromate in glacial acetic acid). The samples were kept at 100 °C for 15 minutes and then brought to room temperature. A570 was recorded. Catalase activity was calculated as follows:
The concentration of catalase was expressed as Umol min -1 mg -1 protein.
Statistical analysis
Each experiment was repeated three times in completely randomized design. Data obtained from different treatments were compared through mean values. All means were tested for a significant difference was analyzed through analysis of variance technique and one way-ANOVA (Steel et al., 1997) .
Results and Discussion
Fungal growth assays with different salts of copper in agar medium
The results in Table 1 revealed that fungal radial growth (cm) was significantly decreased due to either chlorate, sulphate or nitrate of Cu amended in seven different concentrations (25, 50, 75, 80, 85, 90 and 100 ppm) as compared to control. While, increasing concentration of each metal slat exhibited more significant inhibition in the fungus diameter, therefore the maximum MIC values were recorded at the highest concentrations (85 to 100 ppm). Amongst three slats, CuSO4 showed the highly significant and maximum inhibition in the radial growth of the fungus at each of the tested concentration. Whereas, maximum inhibition in the fungus growth (0.03-0.0 cm, MIC: 100%) was observed at 80 to 100 ppm of CuSO4 as compared to control and rest of metal salts. The radius of fungal mat was negligible (0.06 cm ± 1) at 90 ppm in CuCl2 and 85 ppm in CuNO3 with 100% MIC, while at 100 ppm no growth of test fungus was observed.
Fungus growth assays in agar medium resulted in significant inhibition in its radial growth with all three salts of Cu (SO4, NO3 and Cl2). Copper and its compounds have been shown to effectively kill a wide range of fungi (Borkow and Gabbay, 2009 ) and reduction in the growth rate is a typical response of fungi to toxicants (Gadd, 1993) . The inherent toxicity of Cu due to its redox cycling between Cu 2+ and Cu 1+ can catalyze the production of highly reactive hydroxyl radicals, which can subsequently damage lipids, proteins, DNA and other biomolecules. Alterations in the conformational structure of nucleic acids and proteins likely to interfere in oxidative phosphorylation and osmotic balance along with inhibition in enzyme functioning due to high affinity of metal with enzyme active sites (sulphahydral and thiolgroupa) (Gadd, 1993; Levinskaite, 2001) . The overall change in fungal biochemistry probably consequences with inhibition in fungal sporulation and mycelial growth. CuSO4 was found to exhibit the highest reduction in fungus growth in comparison to rest of two salts. The difference in solubility, electron configuration, ionic radius and other chemical properties of SO4, NO3 and Cl2could possibly aid in their ability to differentially bind on functional groups in fungi along with induction of defence mechanism (metallothionein and glutamyl peptide) (Levinskaite, 2001; Pečiulytė and Dirginčiutė-Volodkienė, 2012) . The toxic effect of the each metal salt was increased with elevating concentration in the growth medium (Collin-Hanse et al., 2005; Borkow and Gabbay, 2009) . At low concentration, fungus might tolerate metal due to the increased efflux and metal immobilization. Toxicity with increasing metal concentration might occur through the displacement of essential metals from their native binding sites. Durate et al. (2004) noted that heavy metal concentration and exposure time inhibited fungal production and fungal reproduction by either stimulating or inhibiting sporulation rates of fungi.
Based on fungus growth assays with three slats of Cu in agar medium, the inhibition in the fungal growth trend was observed in order of: CuSO4> CuNO3> CuCl2, therefore further fungal assays in broth were conducted using CuSO4 only. 
Fungus growth assays with copper sulphate in broth
Metal-fungus interaction in broth revealed that fresh and dry biomass of fungal mycelium was significantly reduced by 40-90% and 70-99%, respectively with the increase in concentration of CuSO4 (25 to 100 ppm) (Figure 1) . However, the reduction in biomass was not consistent with increase in metal concentration, as the fungus uptake 40% of the metal at each of the four concentrations. There was directly proportional relationship between metal uptake by the fungus and residual metal concentration in the medium (Figure 2) . Similar results were recorded by Gomaa and Azab (2013) , while evaluating effect of Cu on growth of Aspergillus flavus. Fourest and Rox (1992) reported that metal ions uptake per gram of biosorbent increases as long as the biosorbent is not saturated. Quick occupation of absorption sites due to the high surface loading caused by the high metal concentration would result in a fall in metal ions entrance of into the deep pores and thus the metal uptake is reduced (Vadkertiova and Slavikova, 2006) . Besides, Cu/Zn superoxide dismutase, may help in buffering Cu(II) concentrations by adding superfluous free Cu(II) (Avery and Avery, 2001 ) and catalyzing conversion of superoxide to peroxide and oxygen.
Fungus protein and enzyme assays with copper sulphate in broth
The dynamics of the total protein content and catalase activity in the fresh mycelium was recorded at three time intervals (48, 72 and 96 hours) after inoculation and at four i.e. 25, 50, 75 and 100 ppm metal concentrations. Both protein contents and catalase activity of the fungus was significantly increased by 100-500% and 50-300%, respectively with increase in metal concentration from 25 to 100 ppm over control. Likewise, protein content and catalase activity was also increased with increased in incubation periods of the fungus both in control as well as in metal-amended treatments, however the maximum increase in both parameters was observed after 48 hours of incubation (Table 2 & 3) .
Acceleration in proteins content and catalytic activity may be induced by exposure of the cells to elevated levels of hydrogen peroxide and both may facilitate in metabolization of reactive oxygen species in peroxysomes (Ercal et al., 2001) . While, it has been documented that increase degradation and oxidation of damaged proteins can form aggregates and harm cells (Cabiscol et al., 2000) . Activity of CAT could be due to activation of antioxidant defense system acting against oxidative stress (Masto et al., 2011) . The observed protein content and catalase activity is well-related with acute metal treatment and oxidative stress in fungal cells. Although level of CAT was increased to overcome deleterious effect of copper, but reduction in fungus 
Conclusions
The radial growth of A. alternata was very sensitive to sulphate of copper than nitrate and chloride. However, the fungus can tolerate up to 90 ppm of the metal. Copper sulphate not only inhibited biomass production of the fungus but also increased total protein contents and catalase activity due to increase in metal concentration from 25-100 ppm and incubation period from 48, 72 and 96 hours. Therefore, in future it is necessary to investigate fungus metal tolerance range during fungicide formulations and to explore research focusing on metal-pathogen interaction when crops are vulnerable to disease.
